Introduction: Genetic variants of the angiotensinogen gene have been linked to both hypertension and preeclampsia.The M235T polymorphism is more common in hypertension and preeclampsia in some populations.A polymorphism in the angiotensinogen basal promoter region of AGT -217 is more common in African Americans with hypertension.The authors investigated the frequency of M235T and AGT -217 in Caucasian and African American women with and without preeclampsia. Methods:The study was a nested case-control study of primiparous women with singleton pregnancies. Genomic DNA from preeclamptic and control subjects underwent polymerase chain reaction amplification and restriction digestion. Results:The M235T and AGT -217 polymorphisms were both more common in African American women; however, the variants were not more common in preeclampsia. Conclusion: The frequency of angiotensinogen polymorphisms M235T and AGT -217 is different by race; however, these polymorphisms are not associated with an increased risk of preeclampsia.
populations with the M235T polymorphism. 7, 8 Impaired trophoblastic invasion of maternal spiral arteries in preeclampsia is also associated with the M235T polymorphism. 9 African Americans with hypertension have an increased frequency of a G-A polymorphism at AGT -217 in the basal promoter region of the angiotensinogen gene. 3, 10 The objective of this study was to investigate the relationship and prevalence of the M235T and AGT -217 polymorphisms of the angiotensinogen gene in preeclampsia in African American and Caucasian women.
METHODS

Population Description
This was a nested case-control study of 783 nulliparous women from the Prenatal Exposure Preeclampsia Prevention (PEPP) prospective cohort trial at Magee Women's Hospital in Pittsburgh.The PEPP study was reviewed and approved by the institutional review board.
The subjects included 293 Caucasian and 272 African American women with uncomplicated pregnanies. Subjects with preeclampsia included 30 African American and 192 Caucasian woman. Race and ethnicity were determined by self-report. The cases and controls were a T he heritability of hypertension has been demonstrated in genetic linkage and association studies involving twins and families. 1 Genetic polymorphisms of the renin-angiotensin system have been extensively studied. 1 The angiotensinogen polymorphism M235T is more common in Caucasian men with severe hypertension. 2 Though the M235T polymorphism is frequent in people of African descent (81% to 91%), it has not been found to be associated with hypertension. 3 There is a clear heritability to preeclampsia, [4] [5] [6] and there are reports of an increased risk of preeclampsia in some mix of spontaneous and induced labor. Subjects with preeclampsia included 30 African American and 192 Caucasian women. Preeclampsia was defined by the research criteria recommended by the National High Blood Pressure Education Program: gestational hypertension, proteinuria, and return of all abnormalities to normal by 12 weeks postpartum. Gestational hypertension was defined as systolic blood pressure persistently ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg for the first time after 20 weeks of gestation. In this study, we determined blood pressure as the average of the last 5 blood pressures obtained in semi-Fowlers position after hospital admission for delivery but before medications or clinical perturbations that would alter blood pressure. Proteinuria was the excretion of ≥300 mg of protein in 24 hours, ≥2+ protein on voided urine sample, ≥1+ protein on catheterized urine specimen, or a protein-creatinine ratio of ≥0.3. Control patients had no known prior medical conditions.
Sample Size and Power Calculations
This was an exploratory study that used previously collected banked specimens to asses the association of angiotensinogen polymorphisms M235T and AGT -217 with preeclampsia. Sample size and power calculations were based on a single gene effect model with a recessive mode of inheritance, a 2sided α of .05, and 80% power (QUANTO 1.1).
M235T
Using a population frequency of 40% in the control population based on the work done by Ward, 8 we could detect a 1.7-fold increase in T allele frequency in all preeclampsia subjects when compared with all controls and in Caucasian cases when compared with control subjects. The population frequency used for African American subjects was 81% based on the frequency of the allele in the African American population in the study done by Rotimi et al. 10 Given our sample size of 18 African American preeclampsia cases, a 4.2-fold increased frequency of the T allele in preeclampsia subjects when compared with control subjects could be detected with a power of 80% and a 2-sided α of .05.
AGT -217
Using a population frequency of 10% based on the study by Jain et al 3 
of increased hypertension in African Americans
with AGT -217, we could detect a 1.6-fold increase in the frequency of the polymorphism in cases when compared with controls in the entire study population. Similarly, in Caucasian subjects, a 1.4-fold increase in the AGT -217 polymorphism in cases could be detected when compared with controls.The population frequency used for African Americans was 19% based on the study done by Jain et al. 3 In African American subjects with 30 available cases, a 3-fold increase in the AGT -217 polymorphism would be detected with a power of 80% and a 2-sided α of .05.
Analysis of the Genomic DNA
DNA was extracted from peripheral blood leukocytes by using a standard protocol. 3, 11 Genotyping was not successful in some samples and the number for each genotype is indicated with that genotype. Negative controls were included in all polymerase chain reaction genotype analyses.
AGT -217
The genomic DNA from cases and control subjects was amplified using 5′-CTC AGT GCT GTC ACA CAC CTA-3′ as the forward primer and 5′-AAG TGA CAC CAC CTC CAG TCT TTA GT-3′ as the reverse primer. The amplification product (233 bp) contained nucleotides -314 to -82 of the human AGT gene promoter, including the A/G polymorphic site at -217. These amplified fragments were treated with AluI to identify the A/G polymorphic site at -217. The restriction enzyme AluI (restriction site AGCT) cuts the amplified sequence if nucleoside A is present at -217 and produces 134-bp and 99-bp fragments. After restriction analysis, the resulting fragments were separated by electrophoresis in a 2.5% agarose gel and stained with ethidium bromide. The nucleotide sequences of the amplified products were determined by sequence analysis to confirm the results of restriction analysis.
AGT M235T
A total of 100 ng of genomic DNA was amplified for 35 cycles in a reaction volume of 25 μL containing 0.2 mmol/L of each dNTP, 10 mmol/L Tris-HCl (pH 9.0), 50 mmol/L KCl, 1.5 mmol/L MgCl 2 , 0.1% Triton X-100, 1 U Taq DNA polymerase, and 25 pmol each of primers 5′-GAT GCG CAC AAG GTC CTG TC-3′ (forward) and 5′-CAG GGT GCT GTC CAC ACT GGA CCC C-3′ (reverse).
The 303-bp polymerase chain reaction product was exposed to the restriction enzyme TthIII I for 16 hours at 65°C and electrophoresed on a 3% agarose gel with ethidium bromide staining. With this primer pair, the M235 allele is visible as an uncut 303-bp fragment and the T235 allele as a cleaved 279-bp fragment.
Statistical Analysis
SPSS software was used for analysis of clinical variables; data were summarized as mean ± standard deviation. Allele frequencies were determined by gene counting and tested for fit to the expectations of Hardy Weinberg equilibrium by χ 2 analysis. Statistical significance was accepted at P < .05. Quanto 1.1 was used for analysis of allele and genotype frequency sample size and power. 12 
RESULTS
Clinical features of the study participants are presented in Table 1 ; maternal age was different by race for both controls and cases, with African American women being younger then Caucasian women. However, other preeclampsiarelated characteristics were similar for African Americans and Caucasians.
The average systolic and diastolic blood pressures were higher in preeclampsia cases when compared with normotensive controls. Similarly, the average birth weight and birth weight centile were lower in preeclampsia cases when compared with normotensive controls. For both Caucasian and African American cases, gestational age at delivery was earlier, however, there was no difference by race.
AGT -217 Genotype and Allele Frequency
There were 773 participants (551 controls and 222 cases) for the AGT -217 analyses. The racial distribution is shown in Table 2 . The control-case ratio for AGT -217 was 1.4:1 for Caucasians and 9.4:1 for African Americans.
In the overall analysis of cases and controls without regard to race (Table 2) , there were no differences in the genotype or allele frequency distributions.The allele frequencies were in Hardy Weinberg equilibrium among the controls in the entire cohort and within both racial strata. The A allele and AA and AG genotypes were significantly more common in African Americans when compared with Caucasians (A allele frequency: χ 2 = 61.6; P = .00). Analysis within race comparing cases and controls revealed no difference in the AGT -217 AA genotype and A allele frequency.
M235T Genotype and Allele Frequency
There were 610 participants for M235T analysis (440 controls and 170 cases).The racial breakdown is shown in Table 3 .The control-case ratio was quite different by race: 1.6:1 for Caucasians and 11.2:1 for African Americans. The allele frequencies were in Hardy Weinberg equilibrium among the controls in the entire cohort and within both racial groups.
In the overall study population, the large difference in genotype and allele frequency by race confounded the association between preeclampsia cases and normotensive pregnancy controls (as shown in Table 3 ). The TT genotype and T allele frequencies were more common in African Americans whereas the MM genotype was uncommon. In Caucasians, the MM and MT genotypes and M alleles predominated. In the analysis by race, the χ 2 value for the TT genotype was 146.7 (P = .000; data not shown). Similarly, the frequency of T allele was more common, resulting in a χ 2 value of 170.0 (P = .001; data not shown). We randomly selected 40 of the 218 African American controls to adjust the case-control ratio by race. In this analysis, the χ 2 value for the entire study population was 0.926 (P = .336); there was no difference in the frequency of the T allele among the randomly selected African American cases. A within-race analysis of African American and Caucasian women demonstrated that there was no difference in genotype or allele frequency between cases and controls.
DISCUSSION
Hypertension and preeclampsia are similarly complex and multifactorial disorders with genetic and environmental elements. Numerous and extensive analysis of polymorphisms of the angiotensinogen gene reveal a relationship to severe hypertension and cardiovascular morbidity and mortality. 1 Proposed pathophysiologic mechanisms for both preeclampsia and hypertension include inflammation, increased oxidative stress, and endothelial activation and dysfunction. Angiotensinogen polymorphisms are associated with all of these changes.
Angiotensinogen is expressed in many tissues and a broad range of specific cells, it acts as a substrate for renin, and the conversion of angiotensinogen to angiotensin is the rate-limiting step in the renin-angiotensin cascade. Human studies have demonstrated an association of increased copies of the AGT gene and increased plasma AGT concentrations with elevated blood pressure. 13 Animal studies using transgenic mouse and rat models that overexpress AGT and renin genes similarly show elevated blood pressure, endothelial dysfunction, and renal abnormalities. 13, 14 The results of our exploratory study are consistent with some but not all prior studies of M235T and preeclampsia; Ward et al 8 reported an association in a population of Caucasian women in Utah, and Kobashi et al 7 reported a positive association in a Japanese population. Levesque et al, 15 using a large Caucasian French Canadian population, did not find an association with M235T; however, they reported an association with T174M.
The Genetics of Preeclampsia Consortium (GOPEC) was a collaborative study involving 10 universities in the United Kingdom that examined the role played by genes previously reported to confer susceptibility to preeclampsia. Seven candidate genes and 28 single nucleotide polymorphisms including M235T were genotyped in 657 women with preeclampsia as well as their families. The GOPEC researchers reported that none of the genetic variants tested conferred a high risk of the syndrome. 16 The GOPEC study did not include AGT -217, and to our knowledge, there are no other studies of this polymorphism and preeclampsia.
The strengths of our study were strict definitions of preeclampsia, with chart abstraction providing extensive information on other potential contributing factors. Our study was limited by the small number of black preeclampsia cases. Sample size and power calculations reveal that although the sample size for Caucasian cases was adequate to detect moderate changes in the allele frequencies between cases and controls, much larger allele frequency increases in African American subjects were required due to the smaller sample size.
For the AGT -217 polymorphism, a post hoc analysis reveals that 370 African American cases and controls would be required to detect a 2-fold increase in allele frequency in preeclampsia subjects when compared with controls. Similarly, for the M235T polymorphism, 159 African American cases and controls would be required to detect a 2-fold increase in allele frequency in preeclampsia subjects when compared with controls.
Genetic association studies with small numbers are at risk for both type l and type ll errors; therefore, large studies are required, though it is possible that smaller studies can be combined in a meta-analysis to identify genetic effects. Large studies would also provide the ability to analyze haplotypes (a series of alleles found at linked loci on a single chromosome), gene-gene interactions, and geneenvironment interactions. 17 In a review article about the search for genetic clues to preeclampsia, Chappell and Morgan 18 note that "the overwhelming majority of gene studies in preeclampsia have investigated women of white Western European descent. Very few studies have included black women which is both surprising and regrettable in view of the high risk of pre-eclampsia in black women and the high incidence of eclampsia in Africa."
The use of self-reported race has been challenged by some researchers in the biomedical sciences. However, a US-based study of the genetics of hypertension using genetic cluster analysis of microsatellite markers produced 4 major clusters that were 99% in agreement with self-reported race/ethnicity and ancient genetic ancestry for white, African American, East Asian, and Hispanic participants. 19 In addition to increased morbidity in African Americans, genetic variation along racial, ethnic, and ancestral lines clearly plays a role in the response to pharmacotherapeutics. It is hoped that advances in knowledge and technologies will permit identification of those at the highest risk and result in decreasing morbidity and mortality.
